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Introduction 47
Neuronal apoptosis is an important mechanism of virus-induced pathogenesis 48 within the central nervous system (CNS) (1). During West Nile virus encephalitis, the 49 pro-apoptotic executioner caspase, caspase 3, is activated and mice lacking caspase 3 50 have reduced neuronal death and tissue injury following WNV infection (2). Despite the 51 importance of apoptosis in WNV pathogenesis the exact pathways involved in triggering 52 apoptotic cell death in the CNS have not yet been defined. 53
Activation of the initiator caspases 8 (3, 4) and 9 (3) occurs in cultured neuronal 54 cells infected with WNV and inhibition of these initiator caspases leads to reduced 55 cleavage of the caspase 3 substrate poly (ADP-ribose) polymerase (PARP) (3, 4). These 56 studies indicate that both extrinsic and intrinsic apoptotic signaling pathways are 57 activated in vitro following WNV infection and are consistent with in vitro studies 58 demonstrating that the mitochondrial apoptotic signaling protein Bax is up-regulated in 59 neuronal cells following WNV infection (5) and cytochrome c is released from the 60 mitochondria (3). However, it remains to be seen whether these same apoptotic pathways 61 are also activated in the intact brain during WNV encephalitis. 62
Innate and adaptive immune responses also influence WNV pathogenesis within 63 6 MA #CP01) diluted 1:10,000 in 3% NFDM/TBST. Autoradiographs were quantitated by 116 densitometric analysis using a Fluor-S MultiImager (BioRad Laboratories, Hercules, 117 CA). Statistical analysis was performed using Graphpad software (Instat). 118 RNA purification, microarray and RT-PCR. In order to generate the most consistent 119 data for our microarray studies particular care was taken to standardize infections for 120 RNA extractions. Twelve week old male Swiss Webster mice were infected with 100 121 PFU WNV by ic inoculation. At 5 -6 days post infection (dpi), when infected mice were 122
showing neurologic symptoms, mice were sacrificed and brains from mock-and virus-123 open source software for bioinformatics (17) . Prior to statistical analysis, two pre-141 processing steps involving normalization and gene filtering were performed. Raw data 142 from array scans were processed using the Robust Multi-chip Average (RMA) 143 normalization method to subtract a background value that is based on modeling the 144 perfect match (PM) signal intensities as a convolution of an exponential distribution of 145 signal and a normal distribution of nonspecific signal while ignoring the mismatch (MM) 146 signal (18). After normalization, data were filtered using two criteria: (1) Affymetrix 147 mRNA detection calls were used to exclude all probe sets with an "absent" call in all 148 samples, and (2) transcripts that demonstrated little variation across all arrays were 149 removed. This was performed by comparing the variance of the log-intensities for each 150 gene with the median of all variance for the entire array. Genes not significantly more 151 variable than the median were filtered out. Microarray data has been uploaded onto GEO 152 (www.ncbi.nlm.nih.gov/geo). Differentially regulated genes were analyzed using the 153 Ingenuity Pathway Analysis software (IPA; Ingenuity Systems, www.ingenuity.com; 154
Redwood City, CA). Ingenuity Pathways Analysis knowledge base is a curate database 155 constructed based on scientific evidence based on hundreds and thousands of journal 156 articles, textbooks and other data sources. IPA software was used to define which well-157 characterized cell signaling pathways are most relevant during WNV encephalitis. The 158 significance (P-values) of the association between the data set and the canonical pathway 159 was measured by comparing the number of genes that are differentially regulated during 160 reovirus encephalitis that participate in a pathway relative to the total number of genes in 161 on January 1, 2018 by guest http://jvi.asm.org/ Downloaded from all pathway annotations stored in the Ingenuity Pathways knowledge base. Fisher's exact 162 test was used to calculate a p-value determining the probability that the association 163 between the genes in the data and the canonical pathway is explained by chance only. 164
For RT-PCR, cDNA was prepared from purified RNA by reverse transcribing 1.0 165 µg of each RNA sample using SABiosciences First strand kit (C-03, SABiosciences, 166 HEPES, 1 x B27, 10% FBS, 400 µM L -glutamine, 600 µM Glutamax, 60 U/ml penicillin, 195 60 µg/ml streptomycin, 6 U/ml nystatin), such that the slices were at the media-air 196 interface. Media was refreshed with 5% serum-containing media (5% FBS) 197 approximately 12 hours after slicing. All subsequent media changes were made with 198 serum-free media every 2 days (ie 3, 5, 7 and 9 dpi). Cultures were maintained in a 199 humidified incubator at 5% CO 2 and 36. (Table 3) . To investigate direct mechanisms of virus-induced cell death within 236 the brain we focused on apoptotic signaling pathways that were identified by IPA. The 237 IPA-identified pathways "TNFR1 signaling," "TNFR2 signaling" and "Induction of 238 apoptosis by HIV-1" are all subsets of "DR signaling". Figure 1a shows that 17 genes 239 from DR signaling pathways were identified by IPA as being up-regulated in the brains 240 of WNV-infected animals compared to mock-infected controls with a fold change of 241 >1.25 (P < 0.05). Genes encoding the transcription factor nuclear factor kappa B (NF-242 κB), its inhibitor IκB and upstream activator IκB kinase (IKK), were also up-regulated 243 but were not included in this count since NF-κB signaling is common to multiple 244 signaling pathways and cannot be considered specific for DR signaling. Nine of the 17 245 identified genes were differentially up-regulated with fold changes of ≥ 2 and these 246 changes were highly significant (P < 0.0007). To confirm the differential expression of 247 DR associated genes in the brains of WNV-infected mice, we performed RT-PCR on 248 RNA extracted from different mice using primers for genes that were up-regulated more 249 than 2 fold, as determined by microarray analysis. Similar significant increases in the 250 expression of these genes were also demonstrated using QPCR (Figure 1b We now show that the up-regulation of DR associated genes in the brain 362 following WNV infection is associated with a significant increase in activity of the DR 363 associated initiator caspase, caspase 8, which in turn activates the effector caspase, 364 caspase 3. Increased caspase 3 activation is consistent with prior studies highlighting the 365 importance of caspase 3 in WNV pathogenesis (2). Increased caspase 8 activity in WNV-366 infected brains was also found to be associated with a small, but significant, increase in 367 the activation of the initiator caspase, caspase 9. This suggests that caspase 8 also 368 
Although apoptosis is induced in primary neurons following WNV infection the 378 role of Fas and TRAIL in CD8+ T cell-mediated clearance of WNV infection suggests 379 that infiltrating immune cells may be required for DR apoptotic signaling in the brain. 380
We have recently developed an ex vivo brain slice culture system to investigate reovirus-381 induced pathogenesis in isolation from peripheral immunity and associated immune cells 382 (22). We now show that this culture system can be used for investigations of WNV 383 pathogenesis. West Nile virus infected BSC released more LDH than mock-infected 384 controls, indicating that WNV causes tissue injury in this ex vivo model (Figure 4) . In 385 addition, we showed that WNV induces the activation of caspase 3 in infected slices 386 (Figure 4) . Levels of LDH release and caspase 3 activation peak at 7 dpi suggesting that 387 caspase 3 activation is linked to virus-induced tissue injury as has been shown in vivo (2). from the brains of mice infected with WNV and mock-infected controls (see Table 1 
